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part of agriculture in the humid areas 
of the country. Experimental work and 
the experience of many farmers have 
proved that supplemental irrigation 
will produce additional yields of crops 
and pastures in most years in humid 
areas. 

The economic question of whether 
the additional output w^ill raise farm 
incomes enough to justify the higher 
costs is not so certain—benefits and 
costs vary greatly from farm to farm, 
and each farmer needs to appraise his 
own particular situation. But on an in- 
creasing number of farms the advan- 
tages are likely to outweigh the disad- 
vantages. That means that irrigation in 
the East is likely to continue to ex- 
pand—perhaps rapidly if farm prices 
are high but more slowly if prices are 
lower. 
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Surface 
Irrigation 

Methods 

John T. Phelan and Wayne D. Criddle 

There are three general methods of 
applying irrigation water to the land. 

In surface irrigation the soil is the 
reservoir from which the plants draw 
the water they need. The soil also con- 
veys and distributes the water over the 
field. 

In sprinkler irrigation the water is 
conveyed above the field in pipes, and 
the soil acts as a storage reservoir. 

In subirrigation the water flows 
underground, and the capillary water 
moves upward toward the surface of 
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the land to meet the needs of the crops. 
Surface irrigation, with which this 

chapter deals, includes the general 
methods of flood and furrow and cor- 
rugation irrigation. 

In flood irrigation, the water is per- 
mitted to cover the surface of the 
land in a continuous sheet. Theoreti- 
cally the water should be standing at 
every point in the fields just long 
enough for the soil to absorb the whole 
amount of water needed to refill the 
root zone. But under practical field 
conditions it is seldom possible to meet 
the theoretical requirement com- 
pletely—some parts of the field usually 
receive too much water if all parts 
receive adequate water. If the size of 
the irrigation stream is properly bal- 
anced against the intake rate of the 
soil, the total depth of water to be 
stored in the root zone, and the area 
to be covered by the stream, however, 
the results will be reasonably uniform 
and efficient. 

FLOOD IRRIGATION includes several 
methods: Border strip, basin, contour 
or bench border irrigation, flooding 
from contour ditches, wild flooding, 
and border ditch. 

The object of border strip irrigation 
is to advance a sheet of water down a 
narrow strip between low ridges or 
borders and to get the water into the 
soil as the sheet advances. The strip 
must be well leveled between the 
border ridges and the grade down the 
strip must be fairly uniform to avoid 
ponding. The ridges should be low and 
rounded so they can be planted with 
the strips and no land lost to produc- 
tion. 

Border strip irrigation is well adapt- 
ed for all close-growing crops and is 
used for some row crops, such as 
cotton. Hay and grain can be irrigated 
on uniform slopes up to 3  percent. 

Established pasture can be irrigated 
on uniform slopes up to 6 percent. The 
method can be used on soils of coarse 
or fine texture. It utilizes large water 
streams safely. Its requirements as to 
labor and time are low. It provides for 
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uniform wetting and efficient use of 
water. 

Basin irrigation is adapted especially 
to flat lands. It consists of quickly 
filling a diked area with water to the 
desired depth and allowing the water 
to percolate into the soil. It is desirable 
for close-growing crops and orchards 
on medium- to coarse-textured soils 
and for rice that is grown on fine- 
textured, slowly permeable soils. When 
the basins are properly graded and 
built to the right dimensions for the 
kind of soil and water supply, water 
can be applied efficiently and alkali 
can be controlled. 

Contour, or bench border, irrigation 
is adapted to fairly uniform, moderate 
slopes with deep soils. Border strips are 
laid out across the slope on a con- 
trolled grade, and the ridges are con- 
structed parallel to each other. If the 
strips are laid out on a grade, they 
operate about the same as does border 
strip irrigation. If the strips are short 
and level, it is like basin irrigation. 

Flooding from contour ditches is 
used often on close-growing crops on 
sloping or rolling lands not subject to 
the degree of leveling necessary for 
other methods of irrigation. Water is 
flooded downslope between closely 
spaced field ditches running along the 
contour of the land. The ditches pre- 
vent the water from concentrating and 
causing erosion. Fairly uniform wet- 
ting is possible, but labor costs of irri- 
gating are rather high. In general, 
this method should not be used if a 
more desirable method can be used. 

In wild flooding, the stream of wa- 
ter is diverted from its course and al- 
lowed to spread out over the field at 
random. It is not recommended, be- 
cause the low spots in the field will 
get too much water and the high spots 
will receive none. 

The border ditch method is used in 
some of the older irrigated areas of the 
West, but it is not generally recom- 
mended. Parallel ditches 25 to 200 
feet apart are run down the field in the 
direction of the land slope. The strips 
of land  between the ditches are irri- 
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gated by diverting the water at intervals 
from either side of the ditch. The 
method uses water and labor ineffi- 
ciently. The ditches often erode on the 
steeper slopes and silt full on the flatter 
slopes. They take a considerable area 
of land out of crop production and act 
as a weed nursery for the rest of the 
field. 

FURROW IRRIGATION is the most com- 
mon method of applying water to row 
crops. Water is applied in the furrows 
between the rows of plants. As water 
runs down the row, part of it is being 
absorbed all along the furrow and is 
moving through the soil to refill the 
moisture-storage reservoir of the soil 
under the growing plants. It is adapted 
to all row crops, truck crops, orchards, 
vineyards, and berry patches on gentle 
slopes on all but the coarser soils. 

Cultivation of the furrows to control 
weeds keeps the soil loose. When the 
furrows run down the slope, serious 
erosion can occur unless the size of the 
irrigating stream is carefully con- 
trolled. 

Furrow irrigation is usually expen- 
sive from a time and labor standpoint. 
Properly operated, it is fairly efficient 
in its use of water. 

Contour furrow irrigation is an adap- 
tation of furrow irrigation, in which 
the furrows are laid across the slope on 
a carefully selected grade. A reduction 
in the grade of the furrows makes them 
much less subject to erosion by irriga- 
tion water and rain. 

CORRUGATION IRRIGATION is well 
adapted to close-growing crops on 
sloping and rolling lands and to soil 
slow to take water. The water is ap- 
plied in small furrows running down 
the slope from the head ditch. The 
purpose of the furrows is not so much 
to carry the stream of water as to guide 
it. Some overtopping of the furrow 
may occur. Corrugation irrigation is 
suitable for fine-textured soils that take 
the water slowly and tend to seal over 
and bake when flooded. It provides 
uniform wetting and prevents erosive 
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water accumulation on land too rolling 
or steep for borders or basins and 
makes use of small irrigating streams. 
It is relatively expensive in labor. 

A FARM DISTRIBUTION system is neces- 
sary to convey the irrigation water to 
the various fields from the point at 
which the water is available on the 
farm. 

The system must be designed to carry 
enough water to meet the demands of 
the crop to each field without erosion 
and allow for efficient application. It 
must be laid out in accordance with 
good farm management practices. It 
must provide for conveying and regu- 
lating the irrigation stream and for 
the roads and drains that are needed. 
It must be located to give minimum 
interference with seeding, tillage, and 
harvesting. 

OPEN DITCHES are the most common 
means of conveying irrigation water. 
In many areas the ditches to each field 
are permanently constructed and main- 
tained. They form field boundaries 
and have permanent conveyance and 
control structures. Often their banks 
are seeded to perennial grasses to con- 
trol weeds and provide extra stability. 
They usually have flat bottoms. Side 
slopes may be in the ratio of i .5 to i or 
flatter, and are designed to carry the 
stream at a nonerosive velocity. Per- 
missible velocities may be as high as 6 
feet a second on shales and hardpans 
and as low as i .5 feet a second in fine 
sands. 

In areas where the seasonal require- 
ments are low and only one or two ir- 
rigations are required, it is often wise 
to utilize temporary ditches for distrib- 
uting the water to the fields. Such 
ditches are built with farm-type ditch- 
ers; they may have flat or rounded 
bottoms or a V cross section. 

In medium- and fine-textured soils, 
side slopes are sometimes quite steep 
to reduce the overall width of the 
ditch and to facilitate the installation 
of temporary checks or other struc- 
tures. These ditches are plowed in after 
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the irrigation season is completed as a 
measure of weed control and to remove 
obstructions to harvesting operations. 

Temporary ditches also are used for 
conveying the water from the edge of 
the field to the individual furrow or 
border. They are usually installed after 
the crop is planted, are used during 
the irrigation season, and are removed 
before harvest. 

CONVEYANCE STRUCTURES of various 
types are usually necessary in open 
ditches to deliver water at the desired 
elevation on each field. Often an inter- 
vening low area between the water 
source and the upper part of the field 
requires the use of flumes or inverted 
siphons to carry the water across the 
draw or swale. These permanent struc- 
tures should be well designed and con- 
structed to fulfill their purpose and 
eliminate excessive maintenance. 

When any minor depressions are en- 
countered, a compacted earth fill is 
often placed and the ditch constructed 
on its top. Drainage water can be car- 
ried from one side of the embankment 
to the other by a culvert placed below 
the bottom of the irrigation ditch. Such 
installations, while relatively cheap to 
construct, pose problems of mainte- 
nance and are subject to damage from 
rodents and burrowing animals. 

When ditches are constructed across 
porous soils, the loss of irrigation water 
by seepage may be serious. If so, per- 
manent ditches may be lined with such 
less permeable material as clays or ben- 
tonites. The ditches may be lined with 
concrete or asphaltic concrete or may 
be sealed by means of a thin flexible 
membrane. Membrane linings are us- 
ually buried a few inches below the 
ditch surface to protect them from 
mechanical damage. 

Important parts of any farm distri- 
bution system are the crossing struc- 
tures, which permit the movement of 
machinery, produce, and livestock 
across the irrigation stream. Often they 
can be made a part of other structures. 
Sometimes culverts or bridges are pro- 
vided. 
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CONTROL STRUCTURES placed in open 
ditches may be of many types. Their 
function is to measure the flow, pro- 
vide a means of diverting the water 
from the ditch, or to lower safely the 
water from one elevation to another. 

To make proper application of the 
water, the Irrigator should know the 
size of the stream he is using. Measur- 
ing devices should be part of the dis- 
tribution system and should permit the 
farmer to determine the flow being de- 
livered to any point on his farm. Par- 
shall flumes or weirs are often used for 
the purpose. Other structures in the 
system are sometimes calibrated so that 
reliable estimates of the flow may be 
made. 

Water-control structures may be 
classified as division boxes, turnouts, 
and checks. Division boxes are used if 
the stream is divided into two or more 
sublaterals and may or may not be 
equipped with gates to control the 
flow. Turnouts provide a means of de- 
livering water from the ditch to the 
area to be irrigated or into a tempo- 
rary ditch. Checks are adjustable dams 
placed in the irrigation ditch to pro- 
vide a means of controlling the depth 
of water serving the turnouts. Often it 
is advantageous to install structures 
that perform two or more of the func- 
tions. 

Permanent ditches usually are equip- 
ped with permanent or semipermanent 
structures of concrete, masonry, tim- 
ber, or metal. Temporary ditches usu- 
ally have portable structures, which 
may be quickly installed or moved as 
needed. 

Siphon tubes or spiles often are used 
to deliver the water from temporary 
ditches. The tubes, which carry water 
over the ditch bank by siphonic action, 
are made of a variety of materials in a 
number of sizes. Small tubes may de- 
liver as little as a gallon a minute. The 
larger ones carry as much as 2 cubic 
feet a second. Spiles, or tubes laid 
through the ditch bank, also are com- 
mercially available for a similar range 
of flows. 

A temporary check dam of a com- 

mon type is made from a sheet of flex- 
ible plastic or canvas attached to a 
supporting rod or beam. The dam is 
placed across the ditch in such a way 
that the rod or beam rests on the ditch 
banks and the plastic or canvas ma- 
terial is tucked into the ditch side and 
bottom upstream. Such devices usually 
can be adjusted so that some of the 
flow may be carried downstream 
through a sleeve or over the top of the 
dam. Other types of temporary checks 
are made of sheet metal, pipe, fabric, 
or combinations of those materials. 

Open ditches must carry the required 
flow of water without scouring. Ero- 
sion-control structures often are neces- 
sary to reduce the grade in the earth 
sections of the ditch. The structures 
have many forms and materials. A 
common type is a weir notch, equipped 
with an apron at a lower elevation so 
that the water may be dropped ver- 
tically to reduce the velocity of the 
water in the earth ditch to a safe value. 
Others consist of paved ditch sections 
on steep grades—often called chutes— 
or buried pipes, which will lower the 
water. Regardless of the type, the 
structure must be able to carry the re- 
quired flow and provide for dissipation 
of the energy in the falling water be- 
fore it enters the earth ditch section 
below. 

Pipelines are usually more expensive 
to install but have advantages over 
open-ditches. Pipelines may be used to 
convey water by gravity alone or under 
pressure across a swale or to a higher 
elevation. They are essential when 
pressure is necessary to operate the 
system. 

Permanent pipelines usually are bur- 
ied and are equipped with necessary 
hydrants, relief stands, and other de- 
vices to control the water and protect 
the line. Permanent lines are com- 
monly made of concrete, clay, asbes- 
tos-cement, or steel pipe. Plastic and 
aluminum pipe have become popular. 

Portable surface pipes or hoses pro- 
vide a good method of conveying the 
water to the field or to the individual 
border,   basin,  or furrow.  They  are 
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made of light materials—steel, alumi- 
num, plastic, or canvas—and often are 
equipped with patented coupling de- 
vices for ease in connecting. They may 
be manufactured with small, adjust- 
able gates, which permit the release of 
a small stream into each individual 
furrow. 

Pipelines must be carefully planned 
to meet the requirements of the crop, 
fit the site conditions, and provide for 
economy of installation and operation. 
Because they eliminate losses from 
seepage and evaporation and provide 
excellent control of the water, they 
have found favor in many areas where 
water is scarce or expensive. 

THE LAYOUT AND MANAGEMENT of 
the system needs careful planning as 
to soils and topography, intake rates 
and water-holding capacities of the 
soils, the amount of water that can be 
run in each furrow or border strip 
without causing erosion, and the rela- 
tionship between length of run and size 
of irrigation stream to get the proper 
amount and distribution of moisture in 
the root zone. 

Excessive irrigation wastes not only 
water. It also causes the leaching of 
water-soluble nutrients beyond the 
reach of the plants. Too heavy irriga- 
tion on higher land often causes water- 
logging of rich, lower lands. Usually 
such a situation can be corrected only 
by a costly system of drains and recla- 
mation. 

How to apply irrigation water to 
crops without causing soil to erode is a 
big problem. Improvement in the fer- 
tility and structure of soil usually helps 
it absorb water faster. As the rate of 
intake increases, larger streams of 
water must be delivered to the furrows 
and borders to get uniform irrigation. 
Even though erodibility may be re- 
duced by good soil management, the 
effect of the larger streams more than 
offsets any such gain. Thus the soil 
characteristics that influence irrigation 
methods are not stable. Conditions 
change from year to year with the 
cropping practices and even from irri- 

gation to irrigation in a single season. 
Theoretically it would be desirable 

to change the irrigation layout of a 
field at each successive irrigation for 
maximum efficiency. From a practical 
standpoint, continuously changing the 
length of run and spacing of furrows is 
not possible. Therefore the irrigation 
engineer, taking into account all of the 
influencing factors and the magnitude 
of change that might take place 
throughout the season and the rotation 
period, must choose practices that will 
be safe and reasonable for the condi- 
tions of the site. 

Some suggestions are given for the 
layout and stream size generally most 
desirable. 

FURROW AND CORRUGATION LAYOUTS 
are handled together because they are 
both subject to erosive action and both 
are thought of as generally carrying 
the water from one end of the field to 
the other. 

The allowable size of streams on 
sloping lands largely depends on the 
slope at which the furrows are laid out. 
The general relationship of maximum 
allowable furrow stream and slope is 

Q=^, in which Q is the maximum 

nonerosive furrow stream in gallons 
per minute and S is the slope of furrow 
in percentage. 

Thus, if the slope of the furrow is 0.2 
percent, the furrow will carry 50 gal- 
ions a minute without serious erosion. 
With a slope of 2 percent, the furrow 
will safely carry only 5 gallons a minute. 

With the flatter slopes, erosion prob- 
ably will not be a factor—the carrying 
capacity of the furrow limits the size of 
stream that can be carried. 

Maximum allowable length of run 
depends on several factors, including 
the maximum allowable stream size, 
the rate at which water is absorbed by 
the soil, and the amount of water to be 
stored each irrigation. The last two 
factors particularly vary throughout 
the season. The accompanying tabula- 
tion gives the values suggested for 
average conditions. 
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Spacing of furrows and corrugations 
sometimes can be varied within cer- 
tain limits. Spacing greater than 30 
inches generally is not desirable for 
most annual crops, because the root 
zone is so limited during much of the 
season. Of course many row crops are 
grown at a greater spacing and the 
furrow spacings are fixed. 

In general, the coarser the soil, the 
closer the corrugations should be 
spaced for efficient irrigation, but 
spacings of less than 15 inches are 
seldom practical to construct and 
maintain. 

Flow control from the field lateral to 
the individual furrows and corruga- 
tions is usually by siphons, spiles, or 
open cuts in the bank. For efficient 
and safe irrigation, however, positive 
controls are needed. Furrow streams of 
varying size do not give uniform appli- 
cation of water, and the larger streams 
may cause excessive erosion. 

BORDER STRIP LAYOUT depends on 
the intake rate of the soil, the slope, 
and the depth of application. 

The size of the border strip should 
not be greater than the maximum 
allowable or available stream will 
cover uniformly during the irrigation 
set, without excessive losses. The 
width is largely governed by the slope 
of the land and the amount of water 
that can be safely carried through 
turnouts to the strip. The length is 
limited by the size of stream per unit 
of width of strip that will flow without 
causing erosion. 

For example, with slopes of 0.5 per- 
cent, a flow of 0.1 cubic foot per 
second per foot of border strip width 
may be safely used; with a slope of 2.0 
percent, the safe value falls to about 
0.035. Thus a longer run (length of 
border strip) is possible on the flatter 
slopes. 

The height and shape of the border 
dikes are important. A common error 
is to build the dike too low to control 
the flow. The dikes must be higher for 
the flatter slopes than for the steeper 
ones. The base of the dike also should 

usually be broad, so that farming 
operations can be carried on over the 
dike. Seldom should the sides of the 
dike be steeper than 2 horizontal to i 
vertical. Thus, on the steeper land 
where a minimum height of dike is 3 
inches, the base would need to be at 
least 18 inches wide. On flatter lands 
where a 6-inch-high dike is needed, 
the minimum base width of the dike 
should be about 36 inches. 

Properly constructed dikes allow for 
crop growth right over the dike and 
still control the flow of water during 
irrigation. 

THE SIZE OF THE IRRIGATION stream 
depends on the soil, size of border strip, 
and depth of application. Soils of high 
intake rates require large streams to 
get the water over the land rapidly if 
excessive deep-percolation losses are 
to be avoided. Likewise for shallow 
irrigations large streams must be used. 
Small streams are desirable for deep 
applications. 

The table on the next page suggests 
the relationship between size of stream 
needed to irrigate border strips of 
various sizes under difl'erent site con- 
ditions : 

Control of flow into the border strips 
can be by open cuts in the bank of the 
field lateral^ through open or pipe 
turnouts, or through siphons over the 
bank. In loose, sandy soils and in 
places where large flows are desirable, 
siphons that will carry up to 2.0 cubic 
feet a second each have been found 
useful. Such siphons require the use of 
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Border Irrigation Relationships for Various Soils, Slopes, and Depths of Application 

Soil texture 

Coarse. 

Medium. 

Fine. 

Slope oj 
land 

Depth oj 
application 

Inches 

2 

t 

Suggested 
strip : 

border- 
nze 

Size 
gatio 

Cm 
per 

oj irri- 
n stream 

Percent 

o. 25 

Width 

het 

50 

Length 

feet 

800 
1,320 

bicjeet 
second 

8.0 

Vo 
I. 00 2 40 

40 
40 

300 
500 
900 

2.75 
2.50 
2.50 

2. 00 2 

% 

30 
30 
30 

200 
300 
600 

1.25 
I. 00 
I. 00 

0. 25 2 

% 

50 

50 

800 
1,320 
I,   320 

1:1 
3.5 

I. 00 2 

t 
40 
40 
40 

500 
I,  000 
1,320 

2.5 
2-5 
2.5 

2. 00 2 

% 

30 
30 
30 

300 
600 

I,  000 

I. 0 
I. 0 
I. 0 

0.25 2 
4 
6 

50 

50 

I,  320 
1,320 
I,  320 

4.0 

2.5 
1-5 

I. 00 2 

% 

40 
40 
40 

1,320 
1,320 
1,320 

2.5 
1-25 
0.75 

2. 00 2 30 660 I. 0 

% 
30 
30 

1,320 
1,320 

I. 0 
0. 67 

a priming pump, but are relatively 
easy to handle and positive in action. 
The investment in an adequate num- 
ber of siphons to irrigate a large field is 
relatively small, compared to the cost 
of adequate permanent turnouts. The 
use of siphons lets the head ditch re- 
main open, so that it can be cleaned 
by machines instead of hand labor. 

BASIN IRRIGATION depends on using 
relatively small, level areas surrounded 
with dikes high enough to store the 
desired depth of water on the land. 
The irrigation stream is large enough 
to fill the basin quickly and then be 
turned into the next. 

The basin dikes are often higher and 

steeper than those used with border 
irrigation, as it is not so common to 
farm over basin dikes. 

Stream sizes desirable for basin irri- 
gation should be considerably larger 
per unit of land area than with border 
irrigation. Possibly a good guide for 
the proper stream size would be to use 
at least twice as large a stream per unit 
of area as was suggested for the flatter 
grades with border irrigation. 

Stream control to the basins is usu- 
ally through some type of open or pipe 
turnout that has adequate capacity for 
the large streams required. 

FLOODING FROM CONTOUR DITCHES 

is common practice on some of the 
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older irrigated lands of the West, 
where the topography is rather rough. 
The contour ditches should be set with 
practically no grade if they are not too 
long. For longer ditches, a slope of o.i 
foot per 100 feet is usually adequate 
and is easier to handle. 

Spacing between contour ditches 
should not be too great. With fine-tex- 
tured soils on grades of i to 2 percent, 
the spacing should not exceed 250 feet. 
On the same grades, ditch spacing on 
the coarser soils should not exceed 100 
feet. For 5-perccnt slopes, the distances 
should be 150 feet and 50 feet, re- 
spectively. 

The size of stream required at any 
one turnout along the contour ditch 
need not be large, because the area of 
land such a stream is expected to cover 
will be small. The stream sizes, per 
unit of area, suggested under border 
irrigation generally apply to the con- 
tour ditches. 

Flow control from contour ditches 
is often by cuts in the ditch banks, par- 
ticularly if the banks are sodded. 
Siphons have been satisfactory in some 
localities. 

Specifications for surface irrigation 
methods cannot be entirely rigid. 

Many of the factors affecting the re- 
lationships of length of run, the size of 
stream, and spacing of corrugations 
vary widely throughout the irrigation 
season and throughout the crop rota- 
tion period. The foregoing specifica- 
tions, however, will satisfy average 
conditions when good farming is prac- 
ticed. 

BORDER STRIP irrigation generally will 
:::::::: not function properly when the slope 
:::::::: in the direction of flow is more than 2 
\\\[\][: percent. Pasturelands sometimes utilize 
:;::;::: borders on steeper grades up to about 

s^  :   :   :   :   :   :   :   : 6 percent, but the distance between 
g  ■   I   ■   ;   *;   ';       '; bordcr   ridgcs   must   be   reduced   to 

ÍÍ  :   :   :   :   :   :   :   : about 10 to 15 feet. The steepest down- 
:::::::: field slope on any one border strip 
•■;;•■   ';   * should not be greater than twice the 
;   ;   ;   ;                ; flattest, and the grade should either 

uô o LO o o o d o increase or decrease consistently from 
d  d^S^S  !?S % % ^^^ ^^^ ^^ t^^ other without undula- 
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tion. A cross slope as much as one- 
tenth of a foot is allowable within an 
individual border strip; that often pro- 
vides the limiting factor for the width 
of border strips. For example, a field 
with a cross slope of 0.2 percent could 
not have border ridges more than 50 
feet apart. 

Corrugations can be successfully 
used on slopes as high as 8 percent in 
places where runoff from rains is not a 
serious problem and where the irriga- 
tion water is carefully controlled. The 
slope of the corrugation within the run 
should not undulate. When the grade 
increases down the field, the steepest 
portion should not have a slope greater 
than twice the flattest, and the total 
change should not exceed 2 percent. 
When the grade decreases, the steepest 
part should not be more than one and 
one-half times the flattest, or a total 
change of i percent. If the grade of the 
corrugation is more than 2 percent, a 
cross slope as high as 0.5 percent may 
be permitted, but on flat grades the 
cross slope should not be greater than 
one-fourth the down-field grade. 

Furrows, like border strips and cor- 
rugations, should not have an undulat- 
ing profile. They may be used on 
slopes up to 3 percent when erosion 
from rain is not a problem. The steep- 
est grade in the profile on increasing 
slopes should not be greater than 
twice the flattest; on decreasing slopes, 
the steepest should be less than one and 
one-half times the flattest. 

The maximum allowable cross slope 
depends on the depth of the furrow. 
When furrows are about 9 inches deep, 
cross slopes up to 8 percent are satis- 
factory on fine- and medium-textured 
soils. On coarse-textured soils, the 
upper limit of cross slope is 5 percent; 
on very coarse soils it is 2 percent. 
With medium-depth furrows, 6 inches, 
the allowable cross slopes are 3 per- 
cent, 2 percent, and i percent, respec- 
tively, for fine or medium, coarse, and 
very coarse soils. Shallow furrows, 3 
inches, may have cross slopes of 0.5 
percent on medium and fine soils and 
0.3 percent on coarse soils. These re- 

quirements are very important when 
the contour irrigation is the method 
to be used. 

Basins or level borders require grades 
less than o.i percent with no cross 
slope. If contour levees are used, such 
as in rice basins, the land slope should 
not exceed i percent, and the levees 
should be spaced so that the vertical 
interval between dikes is not more 
than 3 inches. 

SurSface irrigation should be supple- 
mented with a complete water-disposal 
system to remove waste waters and to 
eliminate unwanted ponding. The 
drains should be designed to carry off 
short, peak flood flows as well as irri- 
gation waste water. Provisions are 
needed to allow basins or levee systems 
to be drained when desired. Drains 
often need some protection—vegeta- 
tion or some structure, to carry the 
water without erosion. Drains should 
be equipped with crossings so that 
farm equipment can be moved over 
them. 
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with the Soil Conservation Service in Lin- 
coln, Nehr, An engineering graduate oj the 
University of Nebraska, he has worked with 
the Soil Conservation Service since igj§. 

WAYNE D. CRIDDLE is senior engineer 
and assistant director oj the Utah Water 
and Power Board. He is joint author of the 
widely used Blaney-Criddle method of esti- 
mating irrigation water requirements. He is 
a graduate, and was later a faculty member, 
of Utah State Agricultural College, and has 
spent many years in the field of irrigation 
research. 


